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After a period of rapidly declining U.S. COVID-19 incidence 
during January–March 2021, increases occurred in several 
jurisdictions (1,2) despite the rapid rollout of a large-scale 
vaccination program. This increase coincided with the spread 
of more transmissible variants of SARS-CoV-2, the virus that 
causes COVID-19, including B.1.1.7 (1,3) and relaxation of 
COVID-19 prevention strategies such as those for businesses, 
large-scale gatherings, and educational activities. To provide 
long-term projections of potential trends in COVID-19 cases, 
hospitalizations, and deaths, COVID-19 Scenario Modeling 
Hub teams used a multiple-model approach comprising six 
models to assess the potential course of COVID-19 in the 
United States across four scenarios with different vaccina-
tion coverage rates and effectiveness estimates and strength 
and implementation of nonpharmaceutical interventions 
(NPIs) (public health policies, such as physical distancing 
and masking) over a 6-month period (April–September 2021) 
using data available through March 27, 2021 (4). Among 
the four scenarios, an accelerated decline in NPI adherence 
(which encapsulates NPI mandates and population behavior) 
was shown to undermine vaccination-related gains over the 
subsequent 2–3 months and, in combination with increased 
transmissibility of new variants, could lead to surges in cases, 

hospitalizations, and deaths. A sharp decline in cases was 
projected by July 2021, with a faster decline in the high-
vaccination scenarios. High vaccination rates and compliance 
with public health prevention measures are essential to control 
the COVID-19 pandemic and to prevent surges in hospitaliza-
tions and deaths in the coming months.

Following previous short-term disease forecasting efforts, 
the COVID-19 Scenario Modeling Hub (4) convened 
six modeling teams in an open call to provide long-term, 
6-month (April–September 2021) COVID-19 projections 
in the United States using data available through March 27, 
2021 (2,5). Teams each developed a model to project weekly 
reported cases, hospitalizations, and deaths, both nationally 
and by jurisdiction (50 states and the District of Columbia), 
for each scenario, using data from the Johns Hopkins Center 
for Systems Science and Engineering Coronavirus Resource 
Center and federal databases (2,5). Four scenarios were con-
sidered in each model: high vaccination with moderate NPI 
use, high vaccination with low NPI use, low vaccination with 
moderate NPI use, and low vaccination with low NPI use 
(4) (Table) Vaccination scenarios took into account vaccine 
effectiveness (VE), weekly state-specific data on COVID-19 
vaccination rates, and age- and risk-specific vaccine prioritiza-
tion (e.g., older adults and health care workers); VE estimates 
were based on protection against clinical disease in randomized 
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clinical trials§; parameters for effectiveness against infection 
and transmission were determined by each modeling team (4). 
For each NPI scenario, teams estimated a level of NPI adher-
ence in March 2021 and then implemented a linear decrease 
of that level beginning in April to be 50% or 80% lower in 
September 2021. All scenarios included the spread of the 
B.1.1.7 variant, with the assumption that it was 50% more 
transmissible than were previously circulating SARS-CoV-2 
variants (3,4). Individual modeling teams provided probabi-
listic projections for each future week, characterizing uncer-
tainty with quantiles. These were combined into an ensemble 
for each scenario, outcome, week, and location by using the 
median across teams for each quantile (4,6). The individual 
models differed substantially in structure and design (4), but 
all accounted for age groups, enabling prioritization of vac-
cination based on federal and state guidelines.

In all four scenarios, COVID-19 cases were projected to 
increase through May 2021 at the national level because of 
increased prevalence of the B.1.1.7 variant and decreased 
NPI mandates and compliance (Figure 1). A sharp decline 

§	https://www.cdc.gov/mmwr/volumes/69/wr/mm695152e1.htm?s_
cid=mm695152e1_w; https://www.cdc.gov/mmwr/volumes/69/wr/
mm6950e2.htm?s_cid=mm6950e2_w; https://www.cdc.gov/mmwr/
volumes/70/wr/mm7009e4.htm?s_cid=mm7009e4_w

TABLE. COVID-19 projection scenarios* — United States, March 27–September 25, 2021

Vaccination and NPIs Moderate NPI use; moderate reduction in NPI Low NPI use; high reduction in NPI

High vaccination (high VE, administration, and vaccine coverage)
Moderna/Pfizer (2 doses) 75%/95% VE against symptoms† 

50M 1st doses administered monthly  
during Apr–Sep 2021§

75%/95% VE against symptoms†  
50M 1st doses administered monthly 
during Apr–Sep 2021§

Johnson & Johnson (1 dose) 70% VE against symptoms† 
10–20M doses administered monthly  
(Apr: 10M, May: 15M, Jun–Sep: 20M)§

70% VE against symptoms† 
10–20M doses administered monthly  
(Apr: 10M, May: 15M, June–Sep: 20M)§

Vaccination coverage per group¶ Maximum = 90% Maximum = 90%
NPIs Estimated NPI levels in Mar 2021 are gradually reduced  

by 50% during Apr–Sep 2021
Estimated NPI levels in Mar 2021 are gradually reduced  

by 80% during Apr–Sep 2021
Low vaccination (low VE, administration, and vaccine coverage)
Moderna/Pfizer (2 doses) 50%/85% VE against symptoms† 

45M 1st doses administered monthly 
during Apr–Sep 2021§

50%/85% VE against symptoms† 
45M 1st doses administered monthly 
during Apr–Sep 2021§

Johnson & Johnson (1 dose) 60% VE against symptoms† 
5M doses administered monthly  
during Apr–Sep 2021§

60% VE against symptoms† 
5M doses administered monthly  
during Apr–Sep 2021§

Vaccination coverage per group¶ Maximum = 75% Maximum = 75%
NPIs Estimated NPI levels in Mar 2021 are gradually reduced  

by 50% during Apr–Sep 2021
Estimated NPI levels in Mar 2021 are gradually reduced  

by 80% during Apr–Sep 2021

Abbreviations: M = million; NPI = nonpharmaceutical interventions; VE = vaccine effectiveness.
*	Scenarios were defined to control for uncertainty in two specific factors: vaccination and adherence to NPIs with high/moderate and low levels for each. All scenarios 

included the B.1.1.7 variant and assumed that it was 50% more transmissible than previously circulating SARS-CoV-2 variants. All other transmission and outcome 
assumptions were decided by the six modeling teams.

†	VE is defined as vaccine effectiveness against symptomatic disease 2 weeks after administration, based on clinical trials. For 2-dose vaccines, the first VE represents 
protection 2 weeks after the 1st dose. Assumptions about effectiveness and affects on other outcomes (e.g., infection, hospitalization, and death) were left to the 
discretion of individual teams. Five teams assumed that VE against infection was the same as VE against symptomatic disease, and one team assumed lower VE 
against infection; details on model structure and assumptions are available at MIDAS Network COVID-19 Scenario Modeling Hub. Accessed April 19, 2021. https://
github.com/midas-network/covid19-scenario-modeling-hub

§	Vaccine doses reflect published manufacturing capacity estimates in the high vaccination scenarios and a continuation of the pace of vaccination observed at the 
end of March 2021 in the low vaccination scenarios.

¶	If the maximum level of vaccination specified (e.g., 75% or 90%) was reached in a population group during the projection period, models assume that no more 
vaccination occurs in that group. Past reported vaccine coverage up to March 27, 2021, can exceed these levels.

FIGURE 1. Weekly projections of reported numbers of cases (A), 
hospitalizations (B), and deaths (C)* under four scenarios representing 
different levels of vaccination and nonpharmaceutical intervention 
adherence — United States, March 27–September 25, 2021
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in cases was projected by July 2021, with a faster decline in 
the high-vaccination scenarios. Increases in hospitalizations 
and deaths (Figure 1), although more moderate, were also 
projected. A peak of 7,000–11,100 weekly deaths nationwide 
was projected in May (range = 5,382–15,677, which includes 
the central 50% of the projected distributions for all scenarios 
in the ensemble). The larger increases in cases relative to hospi-
talizations and deaths were attributable to higher vaccination 
coverage among groups with higher risk for severe COVID-19.

Moderate NPI use reduced cases and deaths in both the high 
and low vaccination scenarios, compared with low NPI use. The 
effect of maintaining moderate levels of NPI adherence was larger 
in the low vaccination scenarios, illustrating the counterbal-
ance between and complementary effects of the two strategies 
(Figure 2). When low vaccination coverage was combined with 
low NPI adherence, cumulative cases, hospitalizations, and 
deaths were substantially higher compared with other scenarios. 
The largest differences among scenarios was in the cumulative 
excess percentage of hospitalizations. Differences in deaths were 
lower because many of the groups at highest risk were already vac-
cinated at the beginning of the projection window. Differences 
in cases were relatively small because in all scenarios a substantial 
number of new cases occurred.

Whereas the benefits of increased control measures varied 
substantially between models, the largest excess percentages 
in estimated effects for each model were consistently found 
in scenarios with the lowest NPI use and vaccination levels 
(Figure 2). Considerable range in state-specific projections 
was observed (Figure 2), suggesting that some states could 
reach levels of disease similar to those observed in late 2020 
in scenarios with lower use of NPIs.

FIGURE 1. (Continued) Weekly projections of reported numbers of cases 
(A), hospitalizations (B), and deaths (C)* under four scenarios 
representing different levels of vaccination and nonpharmaceutical 
intervention adherence — United States, March 27–September 25, 2021
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Abbreviation: NPI = nonpharmaceutical intervention.
*	Historical data are shown as filled points, curves represent ensemble 

projections based on six models, and the grey area represents the maximum 
and minimum of the 50% projection intervals among all four scenarios. Vertical 
arrows represent the last date of observations used in the projections. 
Observations available after projections were made are shown as open points. 
Projection intervals are based on the 25th percentile of the more optimistic 
scenario (high vaccination and moderate NPI use) and the 75th percentile of 
the more pessimistic scenario (low vaccination and low NPI use). Ensemble 
projection curves represent the median of six median model projections, so 
they might not always appear smooth; the discontinuity in low vaccination 
scenario ensembles arises as two models project a late summer resurgence.

Summary
What is already known about this topic?

Increases in COVID-19 cases in March and early April occurred 
despite a large-scale vaccination program. Increases coincided 
with the spread of SARS-CoV-2 variants and relaxation of 
nonpharmaceutical interventions (NPIs).

What is added by this report?

Data from six models indicate that with high vaccination 
coverage and moderate NPI adherence, hospitalizations and 
deaths will likely remain low nationally, with a sharp decline in 
cases projected by July 2021. Lower NPI adherence could lead 
to substantial increases in severe COVID-19 outcomes, even 
with improved vaccination coverage.

What are the implications for public health practice?

High vaccination coverage and compliance with NPIs are 
essential to control COVID-19 and prevent surges in hospitaliza-
tions and deaths in the coming months.



Early Release

4	 MMWR  /  May 5, 2021  /  Vol. 70

FIGURE 2. Excess percentage of reported cases, hospitalizations, and deaths projected to occur under scenarios with reduced vaccination 
coverage, nonpharmaceutical intervention adherence, or both, compared with the more optimistic scenario (high vaccination and moderate 
nonpharmaceutical intervention adherence),* nationally (A)† and by state (B)§ — United States, March 27–September 25, 2021
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Abbreviation: NPI = nonpharmaceutical intervention.
*	Cumulative estimates for the projection period March 27–September 25, 2021, are compared with the more optimistic scenario (high vaccination and moderate NPI).
†	National estimates represent the range of projections generated by the six contributing teams (symbols = individual models, dash = ensemble median). Individual 

models have been developed by six academic teams and are named JHU_IDD-CovidSP (A); JHUAPL-Bucky (B); Karlen-pypm (C); MOBS_NEU-GLEAM_COVID (D); 
USC-SIkJalpha (E); and UVA-adaptive (F). Details on model structure and assumptions are available at MIDAS Network COVID-19 Scenario Modeling Hub. Accessed 
April 19, 2021. https://github.com/midas-network/covid19-scenario-modeling-hub

§	Box plots represent the distribution of ensemble estimates in the 50 U.S. states and the District of Columbia. Boxes represent the interquartile range and the horizontal 
lines within each box represent the median. The whiskers extend to the most extreme data point that is no further from the box than 1.5 times the interquartile range.

Discussion

In this modeling study using data through March 27, 2021, 
COVID-19 cases were projected to increase nationally in April 
and peak in May 2021 in four assessed scenarios of vaccina-
tion coverage and NPI adherence. A moderate resurgence in 
deaths and hospitalizations was also projected during this 
period. Nationally, reported cases, hospitalization, and deaths 
are now decreasing or stable. However, transmission remains 
widespread and increased cases, hospitalizations, and deaths 
continue to be reported in some jurisdictions and, as this study 
indicates, the potential for future increases persists. Within each 
modeled scenario, substantial variation existed in the projected 
trajectory within individual states, potentially driven by the dif-
ferences in the levels of population immunity, introduction and 
expansion of new variants, effectiveness of existing NPIs, and 
vaccine acceptance and coverage. Even moderate reductions in 
NPI adherence were shown to undermine vaccination-related 
gains during the subsequent 2–3 months; decreased NPI 
adherence, in combination with increased transmissibility of 
some new variants, was projected to lead to surges in hospi-
talizations and deaths. Based on these findings, public health 

messaging to encourage vaccination and use of effective NPIs 
is essential to control the COVID-19 pandemic and prevent 
increases in COVID-19–related hospitalizations and deaths 
in the coming months.

All contributing models attributed increased SARS-CoV-2 
transmission in many parts of the United States to the relax-
ation of mitigation strategies and the increasing prevalence of 
more transmissible variants, although the relative contribution 
of each factor varied among models. The emergence of new 
variants has been associated with resurgence in cases, hospi-
talizations, and deaths in Europe, South Africa, Brazil, and 
India, requiring new restrictions to prevent local outbreaks. In 
the United States, B.1.1.7 and other variants of domestic and 
international origin were projected to drive continued increases 
in case counts in the coming months (3) and could negate 
recent gains in controlling SARS-CoV-2 transmission. This is 
consistent with the findings in this study, which indicate that 
local conditions and rapid establishment of emerging variants 
place many states at risk for high incidences of COVID-19 
cases in the spring, potentially requiring implementation of 
increased control measures to limit SARS-CoV-2 spread.



Early Release

MMWR  /  May 5, 2021  /  Vol. 70	 5

This is the first multiple model effort to project long-term 
trajectories of COVID-19 in real-time in the United States 
under different epidemiologic scenarios. Model differences 
identified critical areas of uncertainty, including vaccine 
acceptance, adherence to recommended NPIs, prevalence 
of the B.1.1.7 variant, duration of immunity, and state-level 
NPI policies (4). These models can be updated in response to 
changing conditions through new scenarios, updated fitting 
or structural changes of individual models, and the addition 
of new models. In contrast to the results generated by the 
COVID-19 Forecasting Hub (6), the projections in this study 
are intended to bound plausible outbreak trajectories and 
should not be considered forecasts of the most likely outcome. 
These projections could be used for planning purposes (e.g., to 
estimate needs for COVID-19 treatments and hospital beds) 
and to guide public health efforts (e.g., to balance vaccination 
efforts with implementation of NPIs).

The findings in this report are subject to at least four limita-
tions. First, considerable uncertainty is inherent when model-
ing the trajectory of COVID-19 over longer time frames (7,8). 
Whereas this analysis identifies a range of realistic uncertainty 
through well-defined scenarios and by combining multiple 
models, unforeseen events (e.g., a temporary pause in the use of 
a vaccine) could cause deviations that might not be reflected by 
the modeled scenarios (e.g., low and high vaccination). Second, 
only the B.1.1.7 variant was included in the scenarios given its 
increasing prevalence in the United States at the time model-
ing groups were convened and its increased transmissibility. 
The effect of B.1.1.7, as modeled, can be considered a proxy 
for more transmissible variants in general, but other emerging 
variants might have different effects. Third, the estimates are 
limited to six models based on existing data, and the models 
might not fully encompass the range of plausible trajectories. A 
larger number of models would better represent uncertainty in 
the epidemiology of COVID-19 (8). Finally, one approach to 
combining individual models and model-specific uncertainty 
into a single ensemble projection for each scenario was used 
(9). Different approaches to combining individual models into 
an ensemble changed the magnitude, but not the direction, 
of the expected impacts. Regardless of the approach used to 
generate the ensembles, they do not convey all potentially 
divergent trajectories that individual models project.

The rapid rollout of vaccination is having a positive impact 
on the COVID-19 pandemic in the United States and reported 
disease nationally during April has been on the lower end of 
the scenario projections to date. However, multiple jurisdic-
tions have seen a resurgence of COVID-19 cases and others 
likely will if NPI adherence declines too rapidly. Increases in 
deaths and hospitalizations could be more moderate because of 
prioritization of vaccination groups at high risk for COVID-19 

but are still expected, particularly in locations with pro-
nounced increases in transmission earlier during the vaccine 
rollout. These modeled scenarios show that ongoing efforts 
to continue to increase vaccination coverage and maintain 
physical distancing, masking, isolation, and quarantine are 
warranted. As the COVID-19 pandemic evolves and more 
data become available regarding factors affecting outbreak 
dynamics, future projections from the COVID-19 Scenario 
Modeling Hub can provide new and improved insights for 
public health response (10).
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